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gen atoms or aJkyl, alkoxy^ hydroxy or 
methylenedioxy groups, at least one of the 
30 S5maboIs Z representing a phenyl group sub- 
stituted with at least one alkoxy, hydroxy or 
methylenedioxy group, and their acid addi- 
tion salts. 

The new compounds may be produced in 



lOU^C.) are advantageous but the hydrogen 
pressure is preferably below that at which 
hydrogenation of the nucleus normally takes 
place (advantageously at 5 — 20 atmospheres 
excess pressure). The reduaions can also be 
carried out with Adkins catalysts (for example 
copper-chromium oxide), but this method 
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We, Eknst Boehringer, Ilse Liebrecht, 
Julius Lij^recht, Walter Mayer-List, 

WILHELM DiRIK BOEHRINGER and HERMANN 

Albert Boehringer all of German nation- 
auty trading in pannership as C H 
Boehringer Sohn, of Ingelheim am Rhein! 
Germany do hereby declare the invention, 
lor which we pray that a patent may be 
granted to us, and the mediod by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

The present invention concerns new 3- 
plienyl - pyrrolidines and their salts and a pro- 
cess for their production. 

According to the present invention we pro- 
foraiX - pyrrolidines of the gerwral 



any convenient way; the foUowing methods 
Have proved to be particularly advantageous. 

(1) Reduction of 1,4 
pounds of the formula 



35 



nitrocarbonyl com- 



I 

2-^ 



-C— NOj 

-c=o 



20 



25 



30 



?3 ,R| 

z- c -c<' 

R4 Rs Re 



where R, R„ R3, r„ and R„ which 
may be the same or different, are hydrogen 
atoms or alkyl groups containing 1 to 6 
carbon atoms, at least one of R,, R„, R. and 
K, representing a hydrogen atom and the 
symbols Z, which may have the same or 
different meanings represent hydrogen atoms 
or phenyl or endomediylenecycloalkyl groups, 
It desired substituted with one or more halo- 
gen atoms or alkyl, alkoxy, hydroxy or 
methylenedioxy groups, at least one of the 
S5pbols Z representing a phenyl group sub- 
stituted with at least one alkoxy, hydroxy or 
methylenedioxy group, and their add addi- 
tion salts. 

3]!!e^nOT compounds may be produced in 



wherem R„ R,, R,, R,, r. and Z have the 
above-stated meanings. This process leads 
only to those compounds of general formula 
I in which R, is hydrogen. When R. in 
general formula II is hydrogen it is advan- 
tageous to use not the free aldehyde but an 
acetai thereof. 

The reduction can take place for example 
chemically or electroIyticaDy. Thus, for 
example, catalytic hydrogenation is possible, 
preferably using Raney or noble metal 
catalysts. Where Raney catalyst is used (pre- 
ferably Raney nickel or Raney cobalt) the 
hydrogenation preferably takes place at 50^— 
150°C., advantageously at 80<^— lOO^C. and 
at hydrogen pressures above 50 atmospheres 
excess pressure advantageously at 80—150 
atmospheres excess pressure. On the other 
hand, if a noble metal catalyst is used, for 
exmnple, palladium on a support (charcoal, 
iia50.„) platinum with or without a support, 
rhodium catalysis containing rhodium oxide 
or mixed catalysts containing die noble metals 
named, elevated temperatures (usefully 50— 
lOOoC) are advantageous but the hydrogen 
pressure is preferably below that at which 
hydrogenation of the nucleus normally takes 
place (advantageously at 5—20 atmospheres 
excess pressure). The reductions can also be 
carried out with Adkins catalysts (for example 
copper-chromium oxide), but this method 
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offers no advantages over reductions with 
Raney catalysts because temperatures above 
180°C. and pressures above 150 atmospheres 
excess pressure are necessary for a complete 
reaction. Under these conditions increased 
resinification takes place. In the catalytic 
hydrogenation> inert solvents such as lower 
alcohols e.g. methanol, ethanol, isopropanol, 
glycol mono - ethylether, etc. or ethers e.g. 
dioxan, etc, can advantageously be used, 
advantageously giving dilutions of 1 : 5 (parts 
by vol) since more concentrated solutions 
favour side reactions. Where Adkins catalysts 
are used, however, alcohols are not suitable 
as solvents, since they are also reduced in the 
reaction. In this case ethers, such as dioxan, 
are preferred as inert sdvents. 

In the electrolytic reduction it is advan- 
tageous to use lead cathodes and to work at 
a current density of at least 0.1 amps/cm-. 
According to a preferred method 50% sul- 
phuric add is used as dectrolyte and lower 
alcohols e.g. methanol, are used as solvent. 

The 1,4 - nitrocarbonyl compounds used 
as starting products can be produced for 
example, by reaction of benzylidene ketones 
with nitroalkyls. Examples of starting material 
for this process include, for example, 1 - nitro- 
2 - (p - methoxyphenyl) - pentanone - (4) 
and 1 - nitro - 2 - - dimethoxyphenyl)- 
pentanone - (4). 

(2) Reduction of 1 - cyano - 3 - oxo com- 
poimds of the formula 



z-c-c^o 

1a 



HE 



wherem R:;, R3, R, and Z have the above- 
stated meanings. This method may be used 
to prepare direcdy only those compounds of 
formula I in which Rj, R^ and R^ are hydro- 
gpn atoms. Where R2 in formula II is hydro- 
gen, it is advantageous not to use the free 
aldehyde but an acctal thereof. The reduc- 
tion can be carried out chemically or electroly- 
tically as in method 1. The cyano-ketones used 
as starting material may be obtained, for 
example, by reacting benzyl cyanides with 
halogenoketones in the presence of sodamide, 
by amino group-exchange in amino-ketones 
(Mannich bases) using potassium cyanide or 
by reacting hydrocyanic acid with alkyl- 
ethyiene ketones, if desired with the aid of 
acetone cyanhydrin. 

The cyano - aldehydes and their derivatives 
used as starting materials may be obtained by 
reacting benzyl cyanides with halogeno- 
aldehyde acetals in the presence of sodamide. 
Examples of starting materials which may be 



used include /?-(/>- methoxy phenyl)- 
laevulinic acid nitrile and a-(w,p-nicriiylcne- 
dioxy - phenyl) - p - phenyl - laevulinic 
add nitrile. 60 

(3) Reduction of succinodinitriles of the 
general formula 



Z-C-CsN 
I 

R4 



65 



70 



75 



where R.„ and Z have die above meetings. 
This method produces compounds of general 
formula I in which Ri, R2, R., and Rr. are 
all hydrogen. The reduction may be carried 
out chemically or electrolytically as in method 
1. The dinitriles serving as starting materials 
can be obtained by the processes which are 
normally used in the production of succinic 
add dinitriles. Starting materials for process 
3, include, for example, 2 - (/> methoxy- 
phenyl) - 3 - ethyl - succinodinitrile and 2- 
(p - methoxyphenyl) - 3 - (p - methoxy - 
methylphenyl) - succinodinitrile. 

(4) Reduction of 1 - nitro or 1 - amino - 4- 
nitriles of the general formula 

Z-C-C-X Y 
Z-C-C^N 



wherein X signifies an amino or nitro group 80 
and Ri, Ru, R3, R, and Z have the above- 
stated meanings. This process leads only to 
compounds of formula I in which R- and 
Rfi are hydrogen. 

The reduction can be carried out chemically 85 
or electrolytically, as in process 1. Nitro- 
nitriles serving as starting compounds can be 
produced, for example, by addition of nitro- 
alkyls to substituted acrylonitriles. 

The 1,4 - amino - nitriles serving as start- 90 
ing compounds can be obtained, for exanaple, 
by reduction of the corresponding nitronitrilc 
with metal and acid, e.g. zinc and hydrochloric 
acid, or by reaction of benzylcyanides with 
P - halogenalkylamines or their hydrochlorides 95 
in the presence of sodamide. The amino 
groups of the ^ - halogen alkylamines are 
advantageously temporarily proteaed by 
easily removable groups e.g. by the benzyl 
residue. 100 

Starting compounds for this process include 
for example 
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1 - cyano - 1 - (;//,/> - dimethoxyphenyI> 
2^{ni • methoxy - p - benzyloxy - phenyi)- 
3 - nitro - propane, 

1 - cyano methyl - p - meihoxy- 

3 phenyl) - 2 - - methylendioxyphcnyl)- 
3 - nitro - pentane, 

" ^^^"^ - 1 - (p - methoxyphenyl) - 3- 
(dibenzylamino) - propane^ 

lA ^ ^ " " dimethaxyphenyl)- 

3 - (dibenzylamino) - propane. 

(5) Reaction of butylene M - dihalides of die 
general formula 



is subsequently removed, e.g. by hydro- 



The reaaion is preferably effected in 
alcohol solution at temperatures between 60 
and 120"C. Lower alcohols such as ethanoL 
isopropanol, glycol, ether solvents, for 
example, glycolmonoethylether or dioxan and 
other mert solvents, for example hydrocarbon 
solvents, e.g. benzene, may be used as solvent 
medium. 



(7) Reduction of 
general formula 



- pyrrolidones of the 



50 



55 



30 



35 



40 



f3 

Z-C--C-Hal 
2-C-C-Hal 

R4 R5R6 



15 



20 



wherein R„ R,, R^, R„ R^, and Z have 
the above-stated meaning and Hal is a 
chlorine, bromine or iodine atom with 
ammonia or benzylamine and, if the reaction 
takes place with benzylamine, reductive 
removal of the benzyl residue after rine 
closure. 

The reaction is preferably effected in 
alcohol solution at temperatures beuveen 60 
and 120°C. Lower alcohols such as ethanol, 
isopropanol, glycol, ether solvents, for example 
^ glycohiionoetiiyledier or dioxan and other 
mert solvents, for example hydrocarbon sol- 
vents, e.g. benzene, may be used as solvent 
medium. Using ammonia as base it is advan- 
tageous to carry out the reaction in an auto- 
clave. The ratio of dichloride to base for 
optunal yield should be at least 1:2 and 
advantageously not more than 1:3.5. It can 
be of particular advantage to carry out the 
reaction in presence of a hydrogen halide 
bindmg agent for example K.CO,, trietiiyl- 
amme etc. The ratio of dichloride to 
ammonia or benzylamine is then advan- 
tageously between 1:1 and 1:1,5. 



(6) Reaction of butylene - 1,4 
general formula 



?3 \z h 



C —OH 



diols of the 



R4 "5 \ 



wherein R„ R,, R„ R^, and R, have 
the above-stated meaning, their diesters, with 
ammonia or benzylamine. If tlie reaction is 
45 effected with benzylamine the benzyl residue 



R, 0 

r ^ 

Z-C-C. 
H H 



in winch R,, R,, R,, r„ and Z have die 
above-stated meanings by metal hydride reduc- 
ing agents such as UMtL^ or boron hydrides 
or electrolytically. It is also possible to reduce 
these compounds with an Adkins catalyst 
(e.g. copper-chromium) at a hydrogen 
pressure of 150 atmospheres excess presaire 
and at temperature of above 150°C, advan- 
tageously at 200—250 atmospheres excess 
pressure and 18O-200OC The reaction is 
advantageously effected in an inert solvent 
medium; dioxan is particularly suitable 
^ This process leads only to compounds of 
lormula I in which and R, are hydrogen. 

The production of the z - pyrrolidones 
used as starung substances may tal» place 
according to conventional processes. 

(8) Reduction of succinic add imides of tii" 
general formula 



^3 0 

z-c— c: 



NH 



IZ 



R4 0 



60 



65 
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wherem Z, R, and R, have the above-stated 
meanings, by metal hydride reducing agents 80 

X . ' °' hydrides or electrolv- 

tically. It is also possible to reduce these com- 
pounds with Adkins catalysts (e.g. copper- 
chromium) at a hydrogen pressure of 150 
atmospheres excess pressure and at a tempera- 85 
ture of above 150°C., advantageously at 
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200 — ^250 atmospheres excess pressure and 
180 — ^200°C. it is advantageous to use an 
inert solvent medium; dioxan is particularly 
suitable. The production of the succinic acid 
5 imides, used as starting substances may take 
place by conventional processes. This process 
leads only to compounds of formula I in 
which Ri, R23 Rj, Ro arc hydrogen. 

(9) Catalytic reduction of pyrrolines of the 
10 general formula 



^3 ^2 

Z-C-C; 



R5 



N 



wherein R2, R35 R,, R^, Re and Z have the 
above-stated meanings. 

The pyrrolines used as starting sub- 

15 stances may be produced by conventional pro- 
cesses. Thus, for examplejj it is possible to 
reduce tiie nitrdcetones used in process 1, 
to aminoketones by means of zinc/hydro- 
c±loric acid, these aminoketones, after split- 

20 rin g off of water, forming pytrolines which 
can be reduced to pyziolidines of general 
formula L It is also possible to^ react 1,4- 
cyano - halides with alkyl ma^esium halides 
under the conditions of a Gngnard reaction. 

25 The iminomagnesium halides formed as non- 
isolated intermediate products q)lit off mag- 
nesium halide on heating and are converted 
into the corresponding pyrrolines. 

This process leads only to compoimds of 

30 formula I, in which Ri is hydrogen. 

(10) Subsequent halogenation of pyrrolidines 
of general formula I, produced according to 
one of the processes 1 — 9, in the phenyl 
group. The point of attachment of the halogen 

35 is determined by the substituents already pre- 
sent. Glacial acetic acid and lower halogenated 
hydrocarbons, for example chloroform and 
carbon tetrachloride, are preferred solvents. 
The reaction is preferably effected at room 

40 temperature. 

In the production of compounds of 
general fonnula I, in which Z signifies a 
phenyl group with one or more free hydros 
groups it is advantageous to start from com- 

45 pounds in vdiich the hydroxy group is pro- 
tected, for example by an acyl, alkyl or 
aralkyl residue which can be split off. The 
splitting off of the protecting groups may then 
take place by conventional process. Thus, 

50 for example, alkoxy groups may be con- 
verted into hydroxy groups by reaction with 



an ether-splitting agent, for example hydro- 
gen bromide. 

The pyrrolidines of general formula I are 
generally produced in the form of mixtures 55 
of stereoisomeric forms or racemates. These 
mixtures can be separated into the ds- and 
trans-form or the optically active antipNodes. 
By suitable choice of the reaction conditions 
it is possible however to arrive at purely 60 
stereoisomeric forms or to control the ratio 
of the isomers in mixtures, Cis-trans-mix- 
tures can advantageously be separated by 
fraaional crystallisation of their salicylates. 
The pyrrolidines of general formula I pro- 65 
duced according to ilie . invention form cry- 
stalline salts witii organic and inorganic adds 
and in their production it is advantageous to 
start from carefully purified bases. 

It is often advantageous to prepare the 70 
salts of weak adds by first converting the 
bases into salts of strong mineral adds and 
then transfonning these into salts of weak 
acids. 

The new pyrrolidine compoimds according 75 
to the invention possess sympathomimetic 
properties, i.e. they are able to provoke 
adrenaline-like effects on the organs sub- 
ordinate to the sympathetic nervous system. 
In practice, however, it is not alwa}^ desir- 80 
able that all these effects occur at the same 
time, and it is the objea and aim of the 
organic chemist to produce synthetic sub- 
stances which cause only some of these 
effects. 85 

In the new pyrrolidine compounds, those 
compounds substituted in the phenyl nucleus 
Vidth two hydroxyl groups, show a specific 
influence on the peripheral circulation, for 
example 3 - (m^p - dihydroxyphenyl) .5-90 
methyl - pyrrolidine, whilst the compounds 
substituted vpith one or three hydroxyl groups, 
improve predominantiy the heart paform- 
ance and only slightly influence the peripheral 
drculation, for example 3 - - hydroxy- 95 
phenyl) - 5 - methyl - pyrrolidine, 3 - 
hydroxyphenyl) - 5 - methyl - pyrrolidine, 
3 - (o^n^p - trihydroxyphenyl) - 5 - methyl- 
pyrrolidine and 3 - (Ojm,p - trimethoxy- 
phenyl) - 5 - meihylpyrrolidine. Moreover, 100 
some of the compounds, for example 3 - 
hydroxyphenyl) - 5 - methylpyrrolidine have 
mucous menibrane-contrasting activity, where- 
as a stimulating action is predominant in 3- 
(7n,p - methylenedioxyphenyl) - 5 - methyl- 105 
pyrrolidine. In contrast to the known com- 
pound Aludrin, it is particularly surprising 
that the pyrrolidine compounds are extremely 
stable in the presence of more than one 
hydroxyl group, and thus appear particularly 110 
suitable for oral therapy. 

Preferred compounds according to the 
invention include: — 

3 - (/> - Hydroxyphenyl) - 5 - methyl- 
pyrrolidine hydrochloride 115 
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methyl- 



3 - (m - Hydroxyphenyl) - 
pyrrolidine hydrochloride 

3 - {nhp - Dihydroxypheuyl) - 5 - methyl- 
pyrrohdine hydrobromide 
5 3 - {in - Hydroxyphenyl) - 2,5 - dimethyl- 
pyrrolidine hydrochloride 

3 - (/) - Hydroxyphenyl) - 2,5 - dimethyl- 
pyrrolidine hydrochloride 
3 - (/> - Hydroxyphenyl) - 2,2,5 - tri- 
10 mediyl - pyrrohdine hydrochloride 

3 - {m.p - Methylenedioxyphenyl) - 3- 
me%l - pyrrolidine 

3 - {oi^ynyp - Trihydroxyphenyl) - 5- 
methyj - pyrrolidine hydrochloride 
15 3 - {p,7n,p - Trimethoxyphenyl) - 5- 
methyl - pyrrolidine hydrochloride. 

3 - (p - hydroxy - wi - bromophenyl) - 5- 
methyl - pyrrolidine acetate. 
The compounds of the invention may be 
20 formulated for administration in conjunction 
with a pharmaceutical carrier or excipient. 
The formulations may take the form of, for 
example, tablets, dragees, capsules, drops, 
syrups, Imctuses, elixirs or suppositories. 
25 Umtary or dosage unit formulations are pre- 
ferred, each dosage unit preferably containing 
1—15 mg, advantageously 5 — 10 mg of a 
compound according to the invention. The 
carrier may comprise conventional pharmaceu- 
30 tical excipients, for example, starch, lactose, 
highly dispersed silica, polyvinyl pyrrolidone, 
glycerol, a buffer, e.g. borax/boric acid, 
water, alcohol, magnesium stearate or stearic 
acid, or flavouring, sweetening, dispersing or 
35 suspending agents. 

In order that the invention may be well 
understood, the following examples are given 
by way of illustration only. The melting and 
boiling points in the examples are in °C. 

40 Example 1. 

3~(/)-Methoxypheiiyl)-5-methyl-pyrrolidine 

237 3 g. of 1 - nitro - 2 - (p - methoxy- 
phenyl) - pentanone - (4) (m.pt.70— 81«C.) 
are suspended in 1.5 litres of methanol and 
45 hydrogenated at 100—150 atm. hydrogen 
pressure and 7(PCL in an autoclave in the 
presence of Raney nickel as catalyst. When 
the hydrogen absorption has been completed, 
the catalyst is filtered off, the solvent distilled 
50 off and the residue fractionally distilled in 
vaaio. Only one of the two theoretically 
possible stereoisomers is obtained. 

Colourless oil of the boiling point 102^/ 
1mm. ' 

55 Yield 134—144 g. (70.2—75.4% of the 
theory). 

For the preparation of the hydrochloride 
the base is suspended in 250 ml. of water and 
Jjeu^ralised with 2 N HCi, which dissolves the 
60 base. The aqueous solution is carefully 
decolourised with active charcoal and then 
evaporated to dryness under water pump 
vacuum. The crystalline residue is recry- 



stalhsed from acetonitrile - ethyl acetate or 
isopropanoL Melting point 154— 168'^C 65 

The following compounds were also pro- 
duced by the above procedure: — 

3 - (?« - methoxyphenyl) - 5 - methyl- 
pyrrolidine. B.pt; 165—167^14 mm. 

3 - - methoxyphenyl) - 2 - ethyl - 5- 70 
methyl - pyrrolidine. B.pt: 165— 168°/14 
mm. ' 

3 - (fn,p - methylenedioxyphenyl) - 3- 
methyl - pyrrolidine. B.pt: 120— 123°/0.05 
mm. 

3 - (a,p - dimethoxyphenyl) - 5 - methyl- 
pyrrohdine. B.pt: 118^/0.01 mm. 
3 - (a,o'^i - trimethyl - p - mcthoxy- 

?a?c^L; ^ * ""^y^ " pyrrolidine. B.pt: 
132°/0.01 mm. gQ 

3 - (m,p - dimethoxyphenyl) - 5 - methvl- 
pyrrolidine. B.pt: 122V0.1 mm. 

3 - (o,m - dimedioxyphenyl) ~ 5 - medivl- 
pyrrohdine. B.pt: 120— 121O/0.05 mm. 

3 - (m - methyl - /> - methoxyphenyH - 5- S5 
methyl - pyrrolidine. B.pt: 122^1 mm. 

3 - (/) - me±oxyphenyl) - 5 - isobutvl- 
pyrrohdine. B.pt: 110— 114V0.01 mm. (pro- 
duced from 1 - nitro - 2 . 0 - methoxy. 
phenyl) - 6 - merfiyl - heptanone - (4).). 90 

3 - (m,p - dimethoxyphenyl) - 5 - isobutyl- 
pyrrolidine. B.pt: 125—130^0.01 mm. (pro- 
duced from 1 - nitro - 2 - {7n,p - dimethoxy- 
phenyl) - 6 - methyl - heptanone - (4).). 

3 ' (o,m,p . trimethoxyphenyl) - 5 - methyl- 95 
pyrrolidine. B.pt 124— 126V0.04 mm. (pro- 
duced from 1 - nitro - 2 - (^,m,/> - tri- 
methoxyphenyl) - pentanone - (4). 

3 - (a^i.p - trimethoxyphenyl) - 5 - methyl- 
pyrrolidine hydrochloride; m.pt 162°C. 100 
3 - (m,p - methylenedioxy phenyl) - 3- 

^Jfi^^L^r.J'y™^^"*® hydrochloride; m.pt 
136— 137 C. 



Example 2. 

^^^^^^^yP^^'^y^H-methyl-pyrrolidine 105 

20.3 of ^ - (p - Methoxyphenyl) - laevulinic 
aad nitrile (m.pt. 101—102^) are dissolved 
in 150 ml. of warm abs. ethanol and hydro- 
genated m the presence of Raney nickel 
catalyst at 100°C. and 100 atm. hydrogen 110 
pressure m an autoclave. When the absorp- 
tion of hydrogen is completed, the catalwt 
is filtered off, tlie solvent distilled off and 
the residue fractionally distilled in vacua 
Colourless oil, b.pt. 74— 75°C/0.005 mm. 115 
Yield 12.2 g. 

Dibenzoyl tartrate m.pt 154 155^C. 

The foUowing compounds were produced 
by the method described in Example 2. 

3 - {m,p - dimethoxyphenyl) - 4 - phenyl- 120 
5 ^ methyl pyrrohdine. B.pt 163— 168 VO.OOl 
mm. 

3 - (p - medioxyphenyl) - 4 - phenyl - 5- 
methyl - pyrrolidine. B.pt. 145— 150°/0,001 
mm. 
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3-(p-hydroxyphenyl)-5-methyl-pyrroIidine 

313.4 g. of 1 - nitro - 2 - (p - benzyloxy- 
phenyl) - pentanone - (4) (m.pt 126°) are 
5 hydrogenated in 1.5 litres of medianol with 
Raney nickel as catalyst at 70°C and 100— 
150 atm. hydrogen pressure in an autoclave. 
During hydrogenation ring closure and simul- 
taneous splitting oJf of the benzyl group tate 
10 place. When the absorption of hydrogen is 
completed, the catalyst is filtered off and 
the solution evaporated to dryness. The 
crystalline residue (containing resins) is treated 
with 1000 ml. of iron-free hydrochloric acid, 
15 which dissolves the 3 - - hydrosyphenyl)- 
5 - methyl - pyrrolidine. The resins are 
separated off and rejected The aqueous solu- 
tion is decolourised with iron-free active char- 
coal. The solution must be completely colour- 
20 less. It is evaporated in vacuo to dryness, and 
the 3 - (p - hydroxyphenyl) - 5 - methyl- 
pyrrolidine hydrochloride ciystalh'scs out in 
almost pure state and is recrystallised once 
from acetonitrile. 
25 Yield 59.0—64.5 g. (27.7—30.2% of the 
theory) 
iVI.pt 216—219^. 
Hydrobromide m.pt 192 — 194<>. 
The following compounds were prepared 
30 by the method described in Example 3. 

3 - - hydroxyphenyl) - 5 - methyl- 
pyrrolidine hydrochloride. M.pt 130— 131°Q 
3 - (p - hydroxyphenyl) - 2^ - dimethyl- 
pyrrolidine hydrochloride M.pt 183— 187°C 
-35 3 - (m - methyl - p - hydroxyphenyl) - 3- 
mediyl - pyrrolidine. M.pt 179— 18a5°a 
(from acetonitrile). 

3 - (p - hydroxyphenyl) - 2^5 - tri- 
methyl - pyrrolidine hydrochloride. i\l.pt 
40 270— 272°C. 

Example 4. 
3-{/)-metfaoxyphenyl)-5-methyl-pyrn>lidine 

40 g. of 1 - nitro - 2 - (p - methoxyphenyl)- 
pentanone - (4) (m.pt 70—71^) are dissolved 

45 in 250 mL of methanol and reduced on a lead 
cathode with addition of 50% sulphuric acid. 
The anode (in 50% sulphuric acid) is separ- 
ated from the cathode compartment by a dia- 
phragm. The current density should be at 

50 least 0.1 amp./cm*. The cuixent intensity is 
adjusted by addition of the corresponding 
quantity of 50% sulphuric acid. In the 
course of the electrolysis further sulphuric 
add must be added in order to maintain the 

55 current density constant, and the substance 
must remain in solution during the whole 
course of the electrolysis. The temperature in 
the reaction vessel is maintained at 30 — ^35°C 
by cooling. The end of the reduction is easily 

60 recognised from increased evolution of hydro- 
gen at the cathode. In general, the current 
consumption is slightly above the tlieoretical 
value. For purification^ the red-brown coloured 



solution frphi ',the ...cathode compartment is 
diluted witii apprpx. 300 ml. of water. A 65 
small quantity of a neutral substance separates 
out in the form of oily drops which are 
extracted with ether. The solution is made 
alkaline with excess caustic soda solution and 
the liberated base taken up in ether. After 70 
drying over potash it is fractionally distilled. 

Main fraction: colourless oil. 

Boiling point: 104 — 106°/2 mm. 

Yield: 33—37% of the theory. 

From 1 - nitro - 2 - {m,p - methylene- 75 
dioxy - phenyl) - pentanone - (4), 3 - {lihp- 
methylenedioxy - phenyl) - 5 - methyl- 
pyrrolidine was produced by the method des- 
cribed in Example 4. 

Colourless oil. 80 

Boiling point 122^/0.05 mm. 

Yield 51.5% of the theory, 

EXAiMPLE 5. 
3-(p-Methoxyphenyl)-5-mcthyl-pyrrolidine 

237.5 g. of 1 - nitro - 2 - - methoxy- 85 
phenyl) - pentanone - (4) are dissolved in 
1200 ml. of hot glacial acetic acid and in 500 
g. of zinc dust are added in small portions 
with stirring at boiling point. When all the 
zinc dust has been added, the solution is 90 
boiled for 2 further hours under reflux, and 
poured into about 3 litres of water. Undis* 
sol^ matter is filtered off, and the aqueous 
solution made alkaline with concentrated 
sodmm hydroxide. The 3 - (p - meihoscy- 95 
phenyl) - 5 - methyl - pyrroline separates out 
as an oii It is taken up in ether, tbe ethereal 
solution dried over potash, the solvent dis- 
tilled off and the residue fractionally distilled 
in vacuo. 100 

Boiling point llO^C/1 mm. 

Yield 79J— 86 g. (42A5—5% of the 
theory). 

The 3 - (p - methoxyphenyl) - 5 - methyl- 
pyrroline tlius obtained is hydrogenated in 105 
400 ml. of methanol with platinum oxide as 
catalyst in a pressure vessel at about 80° and 
3 — 5 atm. hydrogen pressure and the product 
worked up. 

Yield: 3 - (/> - methoxyphenyl) - 5- HO 
methyl - pyrrolidine; 87 — ^95 /- of the theory. 

3 - (wi,p - methylenedioxy - phenyl) - 5- 
methyl - pyrroline was produced from 1- 
nitro - 2 - (fn,p - methylenedioxy - phenyl)- 
pentanone - (4) by reduction with zinc in 115 
giadal acetic acid as described above. B.pt 
122V1 nun. Reduction in methanol at lOO'' 
and 100 atm. hydrogen pressure with Raney 
nickel or Raney cobalt as catalyst yields 3- 
(ifiyp - methylenedioxy - phenyl) - 5 - methyl- 120 
pyrrolidine. 

Colourless oil: b.pt 120—122^0.05 mm. 

If PtOo as hydrogenation catalyst is used, 
a hydrogen pressure of 3 — 4 atm. is suffi- 
cient for the hydrogenation in methanol at 125 
about 80°. 
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Example 6. 
3 - (/> - hydroxyphenyl) - 4 - phenyl - 5- 

methyl - pyrrolidine 
71 g. of V. - (/> . benzoyloxyphenyl) - B- 
:> phenyl - laevulinic acid nitrile are suspended 
m 700 ml of eihanol and hydrogenated with 
Raney jiickel at 70^ and 100 atni. in an auto- 
ckve. Ring closure and simultaneous splitting 
lA °5 ^^^^^ Sroup is thus effected. After 
lU the hydrogenation the catalyst is filtered off 
and the solvent evaporated. The residue is 
taken up in iso-propanol and the solution 
neutralised witfi ethereal hydrochloric acid. 
Hydrochloride: m.pt. 275 °C. (dec) 
15 Acetate: m.pt 120— 122^C. 

Example 7. 
3 - Methoxyphenyl) - 4 - (2,5 - endo- 
mediylene - cyclohexyl - {1)) . pyrrolidine 

OA 1 ^' """""^f " • - methoxyphenyl) 

20 (2,5 - endomethylenecyclohexen - « yl- 
(Ij) - succmic acid nitrile (produced from 
{p - medioxy - phenyl) - p - (2,5 - endo- 
methylenecyclohexen - A'- - yl) - (i)) . acrylo- 
mtrile by addition of HCN) are hydrogenated 

25 jn 1500 ml. of methanol witii Raney nickel 
as catalyst at 100^ and 150 atm. hydrogen 
pressure m an autoclave. To isolate the pro- 
duct the catalyst is filtered off, the solvent 
disulled off and the residue taken up in 600 

30 ml. of 2 N hydrochloric add. The hydro^ 
chloric add solution is twice extracted widi 
ether and then made alkaline with sodium 
hydroxide solution to separate the base. The 
ethereal solution is dried over potash, the 

35 solvent distilled off and the residue fractionaU^ 
oistilled 2» vacuo, 

B,pt 131^13570.01 mm. Yidd 53% of 
the theory. 

Hydrodiloride m.pt 200oc rfrom iso- 
40 propanol) 

Acetate m.pt 105— 108^C. (from ethyl 
acetate). ^ ^ 

3 - (w - Butyl - (1)) ^ 3 - (p - methoxy^ 
phenyl) - pyrrohdine, B.pt 150— 155O/0.05 
« mm was prepared from -y. - (« . butyl) - y.^ 
(P - methoxyphenyl) - succinic acid - dinitrile 
by the mediod described in Example 7. 

Example 8. 

3-^Methoxyphenyl)-4-methyl-pyrrolidine 
50 55 g. of 2 - methyl - 3 - cyano - 3- 
(p . methoxyphenyl) - propionaldehyde di- 
ediylacetal (b.pt 135—14070.01 mm) [pro- 
duced from p - methoxybenzyl cyanide, sod- 
amide and - bromopropionaldehyde diethyl- 
55 acetol] are hydrogenated in 700 ml. of 
meAanol with Raney nickd as catalyst at 
IW and 80—100 atm. hydrogen pressure in 
an autoclave. The product is isdated as des- 
crtbed previously. The base is obtained as 
60 mixtare of two stereoisomeric forms. B.pt 
158-62712 mm. Yield: 28.4 g. (74% of 
the theory). ^ v ,p 

The following compounds were obtained 



from die corresponding cyano - aldehyde 
acetals by the method described in Example 8. 65 

11^ " i?/o^^J?^^yP^^^y^) - pyrrolidine. B.pt 
112— 116°C./0.3 mm. 

3 - (/) - methoxyphenyl) - 4 - ethyl- 
pyrrolidine. B.pt 125— 130^C/0.O5 mm. 

3 - (p - methoxyphenyl) - 4 - w - propyl- 70 
idme. B.pt 130— 135OC./0.05 mm. 

3 - (;/ - butyl - (2)) - 3 - (p - methoxy- 
phenyl) - pyrrohdine. B.pt 145— 148°C /O 01 
mm. ' 



75 



Example 9. 
3-(/)-Methoxyphenyl)-pyrrolidine 

A hot solution of 95.5 g. of (3 - (/,- 
methoxyphenyl) - pyrrolidone - (5), nupt 
1^7—130 (from methanol) [prepared by 
catalytic reduction from fi - cyano - p - (p-^ so 
methoxyphenyl) - propionic acid ethyl ester, 
b.pt 128O/0.01 mm.] in 900 ml. of abs! 
teu-ahydrofuran is added with stirring to 23 
g. of lithium aluminium hydride in 150 ml 
of tetrahydrofuran during 20 minutes, and 85 
tte mixture boiled for 5 hours under reflux 
The solvent is dien distilled off on a 
boiling water bath. The residue is mixed 
widi 300 ml. of ether and then decomposed 
ftrst with 50 ml. of water and then widi 200 00 
mL of concentrated hydrochloric acid. The 
ether layer is separated off and the aqueous 
phase re-extiacted several times widi edier 
The aqueous solution is dien made strongly 
alkaline with cone, sodium hydroxide solution 05 
and conunuously extracted widi ether for 4 
hours. Tl?e ether extract is dried over potash, 
the solvent distilled off and the residue frac- 
tionally distilled in vacuo. 
B.pt 157713 imn. 
Yield 61 0 g=69% of die theory. 

acSdSSS"'^-' ''^-'''^ 

Example 10. 
3 -(/»- hydroxy -w-bromo- phenyl). 105 
on / " ™^*yJ - pyrrolidine 
30 g. of pure 3 - (/> - hydroxyphenyl) - 5- 
ine%l - pyrrolidine hydrobromide are dis- 
sohed m 400 ml. of hot chloroform and a 
soluGon of 18.6 g. of bromine in 100 ml. 110 

cblorofomi is added dropwise with stirring. 
The hydrogen bromide formed at die nitrogm 
atom IS distiUed off, and boiling under reflux 
IS conimued until no more hydrogen bromide 
IS evolved. On cooling, 3 - hydroxy - m- 115 
bromophcnyl) - 5 - mediyl - pyrSdi^ 
hydrobromide crystallises out. It is recrv- 
stalhsed from a small quantity of water 
M.pt 178-1790 (from water). 
Yield: 76.5% of the tiieoiy. ion 
The hydrobromide is diflScuIty soluble in 



T, J u ^ acetate, the 

hydrobromide is dissolved hot in water and 
made wMkly allcahne with ammonia. On 125 
cooling, the initially oily base crystallises out 
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It is filtered with suction, thoroughly washed 
with a large volume of water and then dis- 
solved in glacial acetic acid The excess 
glacial acetic acid is distilled off and the 
5 residue recrystallised from a litde alcohol, 

M.pt of the acetate: 146—148° (from 
ethanol). 

Example 11. 
3 - (pjp - Dimethpxy - bromophenyl) - 5- 
10 methyl - pyrrolidine 

9.5 g. of 3 - (a,p r dunethoxy phenyl) - 5- 
methyl - pyrrolidine-base (B.pt 118V0.01 
mm) are dissolved in 50 ml. of glacial acetic 
acid and 3 ml. of bromine in 50 ml. acetic 
15 acid are added dropwise with stirring. Stir- 
ring is continued for one hour and the solvent 
is tiien distilled off in vacua. The residue is 
triturated with acetic acid ester, to crystallise 
the 3 - (p,p - dimethoxy - bromo phenyl)- 
20 5 - methyl - pyrrolidine hydrobromide. The 
salt is recrystallised from acetonitrile. 

Yield: 92 g. Paper-chromatographically 
miform. 
Melting Point 200—205°. 
25 The position of the bromine atom in the 
phenyl group is not exactly known^ but is 
either in the 3- or 5-position. 

3 - {pyO^^n - trimeliiyl - - methoxy - 
bromo - phenyl) - 5 - methylpyrrolidine, m.pt 
30 197^C, vm analogously obtained. 

Example 12. 
3-(p-Meihoxyphenyl)-pyrrolidine 

44.0 g. of ^ - (/> - methoxyphenyl) - y- 
nitro - butyronitrile, [prepared from />- 
35 methoxycinnamic add nitnle and nitro- 
methane], are dissolved in 500 ml. of 
methanol and hydrogenated at 80° with Raney 
nickel as catalyse at 100 atm. hydrogen 
pressure in an autoclave. The product is iso* 
40 lated as previously described. 
B.pt 159— 160°C./15 mm. 
. Yield: 21.2 g.=59.5% of the theoiy. 
Hydrochloride: m.pt 132—135^ (from 
acetonitrile). 

^ 2 - methyl - 3 - (p - methoxyphenyl)- 
pyrrolidine B.pt 125 — ^130C./0.05 mm. was 
analogously obtained from p - methoxy- 
dnnamic acid nitrile by reaction with nitro- 
ethane and subsequent hydiogenation. 

50 Example 13. 

Ether'Splitting 
95.6 g. of 3 - (/> - methoxyphenyl) - 5- 
methyl - pyrrolidine, produced according to 
Example 1, are heated for 4 hours in 150 
55 ml. , of hydrobromic acid (density ab. 1.45) 
on a water bath, and the solution evaporated 
to dryness at the water pump. 3-(/)-hydroxy- 
phenyl) - 5 - methyl - pyrrolidine hydro- 
bromide is formed. 
60 Yield: 89.5—95.0 g. (69.5—73.5% of the 
theory). 
Melting point 192— 194°C. 



The following compounds were analogously 
produced: 3 - (m,p - dihydroxyphenyl) - 5- 
methyl - pyrrolidine hydrobromide. M.pt 65 
183 — 195°C. (from ethanol); (staning from 
3 - (7}ijp - dimethoxyphenyl) - 5 - mctiiyl- 
pyrrolidine); 

3 - (»i - hydroxy - phenyl) - 5 - mcthyl- 
pyrrolidine hydrochloride M.pt 130— 131°C 70 
(from isopropanol/ethyl acetate) (starting 
from 3 - (?« - methoxyphenyl) - 5 - methyl- 
pyrrolidine); using the method of preparation 
described in Example 13, the hydrobromide 
is first obtained. It is dissolved in water, the 75 
solution made weakly alkaline with ammonia 
and the free base taken up in ether. After 
evaporating off the ether, the base is con- 
verted into the hydrochloride with aqueous 
hydrochloric acid. 80 

3 - (/) - hydroxyphenyl) - 2 - ethyl - 5- 
methyl - pyrrolidine hydrochloride, m.pt 
183 — 185*^ (from isopropanol/etiiyl acetate) 
(starting from 3 - (/> - methoxyphenyl) - 2- 
ethyl - 5 - methyl - pyrrolidine). The .hydro- 85 
chloride is prepared as described above. 

3 _ (jn - metiiyl - /> - hydroxyphenyl) - 5- 
methyl - pyrrolidine hydrochloride M.pt 
178 — 180° (from isopropanol) (starring from 
3 - (?« - methyl - p - methoxyphenyl) - 5- 90 
methyl - pyrroHdine). The hydrobromide 
which is first obtained is converted into the 
free base with ammom'a, and then into the 
hydrochloride. 

3 - (Ojp - dihydroxyphenyl) - 5 - methyl- 95 
pyrrohdine hydrobromide, M.pt 129 — 133 ^C. 
(from acetonitrile/isopropanol); (starting from 
3 - (a,p - dimethoxyphenyl) - 5 - methyl- 
pyrroh'dine). 

3 - (a,7M - dihydroxyphenyl) - 5 - methyl- 100 
pyrrolidine hydrobromide, m.pt 141 — 144^C 
(from isopropanol/ethyl acetate), (starting 
from 3 - (o;tn - dimetlioxy - phenyl - 5- 
methyl - pyrrolidine). 

3 - (p - hydroxyphenyl) - 4 - phenyl - 5- 105 
methyl - pyrrolidine acetate. M.pt 160 — 
164°C (from isopropanol); (starting from 3- 
(p - methoxy - phenyl) - 4 - phenyl - 5- 
methyl - pyrrolidine). 

The hydrobromide first obtained is con- 110 
verted into the free base with ammonia, and 
then into the acetate. 

3 - (?;2jp - dihydroxyphenyl) - 4 - phenyl- 
5 - methyl - pyrrolidine hydrobromide +1 
mol water of crystallisation. M.pt 126 — 115 
128<'C. (from water) (starting from 3 - {m,p- 
dimethoxyphenyl) - 4 - phenyl - 5 - methyl- 
pyrrohdine). 

3 - (p - hydroxyphenyl) - 5 - iso - butyl- 
pyrrolidine hydrochloride, m.pt 140 — 142^C. 120 
(from wopropanol/ethyl acetate) (produced 
from 3 - (/> - methoxyphenyl) - 5 - iso- 
butyl - pyrrolidine). 

[The hydrobromide which is first obtained 
is converted into the free base as previously 125 
described and then into the hydrochloride] . 

3 - {m^p - dihydroxyphenyl) - 5 - isn- 
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S^" Py'°^'''"ie Mrobroraide, m.pt 177- 
flL i P«'P^?l/eAyI acetate) produced 
£tom 3 - {7n,p - dimethoxyphenyl) - 5 - iso- 
butyl - pyrrolidine. 

3 - (^,w/./> - trihydroxyphenyl) - 5 - nietiiyl- 

ly^— 193 (from isopropanol) produced from 
i - {p,m,p - tnmeihoxyphenyl) - 5 - methvl- 
pyrrohdine hydrochloride (M.pt 162«) 

The hydrobromide which is first obtained 
IS recryaa hsed from alcohol/ethyl acetate, 
converted into the free base in X manner 
stated, and the hydrochloride produced in 
usual manner. ^ m 

Example 14. 
^^P'»'^ton of stereoisomers 
230 g of pure 2,5 - dimediyl - 3 - (p- 
meAoxyphenyl) - pyrrolidine, produced by the 
method described in Example 1 from 2 - nitro- 

;«ri^ ■r?^°''L" P^^°yl) - he^anone - (5) 
are dissolved m 250 ml. of etiiyl acetate 154 

^jj J P*"^. "ystaD'sed salicyclic acid are 
added to this solution. A clLr solution is 
formed on warming, from which a part of 
?n ^Si^f "^"^ ^ ^ '^Mate 

(a) The salicylate which has crystallised out 
« separated from the mother liquor and recry- 
staUised from ethyl acetate to constant meli 
mg point M.pt 164^ (salicylate of the x- 
form) Yield 24% based on'^the base^ed. 
Tht base can be liberated frwm the salicylate 
Tc^rf^^ ^"""^ hydroxide solutioa B.pt 
90OC/0.01 mm The base of die a-form 

?Jifon^ " gas-chromatographically 

(b) The combined acetic ester mother liquors 

from the solid residue with aqueous sodium 
h^xide and then distilled. B.pt 90— 91oc / 
0.01 mm. This base is converted into the 



hydrochloride, which is reciystalliscd to con- 
stant melting point from acetone. M.pt of the 
hydrocMoride of the ^-form 132°C The 
yield of hydnxAloride amounts to 26y of 
Jhe base originally used. The base cm be 

SS„ T- Z?-^^. "™: Gas-chromatographi- 

(c) The a-form of 2,5 - dimethyl - 3 - (/.- 
hydrojq^henyl) - pyrrolidine can be produad 
from the base obtained according to (a) bv 

String?. ^^P^^ ^3 

propSSj'^"""' "-P* 22^° 

The ^-form of 2,5 - dimethyl - 3 - (p. 
hydroxyphenyl) - pyrrolidine is produced frS 
the hydrochloride obtained according to (b) 
analogously to Example 13 

propSSf 



45 



50 



55 



60 



Example 15 

(Process 8) ge 
A hot solution of 102.5 g. of ^ - metiioxv- 
phenyl - succinimide in 80O ml of aSSe 
dioian IS slowly added to 45 g. lithium Ju- 
mmi^n hydnde in 250 ml. of absolute diox^ 
and^ die mmure heated for 4i hours under 70 

The product is isolated as described in 
Ex^ple 9. 64.5 g (=72.50/, of the A2,rS 
b ut 156^ - raetiioxyphenyl) - pyrrolidiii 
H / ° P*/12 ™™ are obtained. 7s 
M.pt of the acid oxalate 121— 123°C 
Analogously, 3 - (p - methoxyphenyl) 4- 

" ' ^^^,;trt'^f^ ^ P"ducJd from 
- .(/>. - methoxyphenyl) - «i - „ . pronvl- 

succimmide. M.pt of the add oxalate^Sl gO 



0} 

m 

I 

CD 

o 
o 

5 



Example 16 — Nose Drops 

100 ml of nose drops contain: 



3-0>-hydroxyphenyl>.5-melliyI- 
pyrrolidine hydrochloride 




0.200 g. 


Methyl /^hydroxy-benzoate 




0.020 g. 


Propyl p-hydrojgr-benzoate 




0.010 g. 


Boric acid 




1.500 g. 


Borax 




0.075 g. 


Demineralised water 


to 


100 mis. 
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Example 17 — Drops 

100 mi. of drops contain: 

3-(»i-liydroxyphenyl)-5-methyi- 
pyirofidine hydiochioride 

Methyl /Khydcory-benzoate 

Propyl ^hydro3^-benzoate 

Alcoliol 

Demineralised water 



Example 18 — Tablets 
Each tablet contains: 

3-(7«-liydroxyphenyl)-5-metiiyl- 
p3nxolidine hydrochloride 

Lactose 

Maize starch 

Finely dispersed siHdc add 
Soluble starch 
Stearic add 

Tablet weight 



Example 19 — Drops 

100 mis. of drops contain: — 

3-(»i,i)-dihydroxyphenyl)-5-mcthyl- 
pyrrolidine hydrochloride 

Aiiethyl p-hydro2^-benzoate 

Propyl p-hydro^-benzoate 

Tartaric add 

Demineralised water 



0.750 g, 
0.070 g. 
0.030 g. 
10.000 g. 
to 100 mis. 



5.0 mg. 
32.5 mg. 
42.0 mg. 

1.5 mg. 

3.0 mg. 

1.0 mg. 
85.0 mg. 



0.75 g. 
0.07 g. 
0.03 g. 
0.10 g. 
to 100 mis. 



928,007 
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Example 20 — Tablets 
Each tablet contains: — 



3-(wi,/>-dihydroxyphenyl)-5-methyl- 
pyrrolidme hydrochloride 


5,0 mg. 


Lactose 


45.0 mg. 


Maize starch 


39.0 mg. 


Finely dispersed silicic acid 


2.0 mg. 


Soluble starch 


3.0 mg. 


Stearic acid 


1.0 mg. 


Tablet weight 


95.0 mg. 


Example 21 — Ampoules 




Each ampoule contains: — 




3-('Kii>-dihydroxyphenyl>5-mediyl- 
pyrrolidme hydxobiomide 


10 mg. 



Sodium chloride 
Double-distilled water 



to 



6 mg. 
1.0 ml. 



WHAT WE CXAIiWL IS: — 
1. Phenyl pyrrolidines of the general 
formula 



stituted with at least one alkoxy, hydroxy or 
methylenediojqr group, and their acid addition 



Z-C 



10 



15 



I K 

R4 R5 



wherein R^, R,, R3, R,, R. and R„ which 
may be the same or different, are hydrogen 
atoms or alkyl groups containing 1 to 6 
carbon atoms, at least one of Ri, Rg, R. and 
Rc representing a hydrogen atom "and the 
symbols Z, whiqh may have die same or 
different meanings represent hydrogen atoms 
or phenyl or endomethylenecycloa%l groups, 
if desired substituted widi one or more halo- 
gen atoms or alkyl, alkoxy, hydroxy or 
methylenedioxy groups, at least one of the 
symbols Z representing a phenyl group sub- 



2. 3 - - Hydroxyphenyl) - 5 - methyl- 
pyrrolidine hydrochloride. 

3. 3 - (7« - Hydroxyphenyl) - 5 - methyl- 
pyrrolidine hydrochloride. 

4. 3 - (myp - Dihydroxyphenyl) - 5- 
methyl - pyrrolidine hydrobromide. 

5. 3 - (w - Hydroxyphenyl) - 2,5 - di- 
methyl - pyrrolidine hydrochloride. 

6. 3 - (p - Hydroxyphenyl) - 2,5 - di- 
methyl - pyrrolidine hydrochloride. 

7. 3 - (> - Hydroxyphenyl) - 2,2,5 - tri- 
methyl - pyrrolidine hydrochloride. 

8. 3 - (trtjp - Mediylcnedioxyphenyl) - 3- 
methyl - pyrrolidine. 

9. 3 - (o^n,p - Trihydroxyphenyl) - 5- 
methyl - pyrrolidine hydrochloride. 

10. 3 « (a^n,p - Trimethoxyphenyl) - 5- 
methyl - pyrrolidine hydrochloride. 

11. 3 - (> - Hydroxy - m - bromophenyl)- 
5 - methyl - pyrrolidine acetate. 

12. A process for the preparation of com- 
pounds as claimed in claim 1 in which R^. 
is hydrogen, in which a compound of the 
general formula 



20 



25 



30 



35 



40 
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15 



Z-C -C-Np2 



R4. R5 



I 



where Ri, R=, R3, R^, R5 and Z have the 
meanings given in claim 1 is reduced and 
allowed to cyclise. 

13. A process for the preparation of com- 
pomids as claimed in claim 1 in which Ri, 
R5 and Ro are hydrogen^ in which a com- 
pound of die general formula 



^3 ^2. 
Z— C-C=0 
Z-C -C^N 



wherein R2, R3, R^ and Z have the meanings 
given in claim 1, is reduced arid allowed to 
cyclise. 

14. A process for the preparation of com- 
pounds as claimed in claim 1 in which R^ 
Ro, Rs and Rc are hydrogen, in which a com- 
pound of tbi& general formula 



?3 

Z-C-C=N 

Z-C -CsN 
I 

H 



where R3, R, and Z have the meanings given 
in daim 1, is reduced and allowed to cyclise. 
20 15. A process for the preparation of com- 
pounds as daimed in daim 1 in which R^ 
and Rc are hydrogen in which a compound 
of the general formula 



m 
to 

in 
to 



12 to 15 in which the reduction is effected 
by reaction with hydrogen in the presence of 
a hydrogenation catalyst. 

17. A process as claimed in daim 16 
which the reduction is effected at 50 
150°C. 

18. A process as claimed in daim 17 
which the reduction is effected at 80 
lOO^C. 

19. A process as claimed in any of claims 
16 to 18 in which the catalyst is a Raney 
metal and the reaction pressure is 80 — 150 
atmospheres excess pressure. 

20. A process as claimed in any of claims 
16 to 18 in which the catalyst is a noble 
metal or rhodium and the reaction pressure 
is 5 — ^20 amiospheres excess pressure. 

21. A process as claimed in any of daims 
16 to 20 in which the reaaion is carried 
out in an alcohol or ether as solvent. 

22. A process as daimed in daim 21 in 
which the ratio of solvent to starting material 
is about 5 : 1 (parts by volume). 

23. A process as daimed in any of daims 
12 to 15 in which the reduction is effected 
elcctrolytically. 

24. A process as claimed in claim 23 in 
which the electrolysis is effected in 50% sul- 
phuric acid. 

25. A process for the preparation of com- 
pounds as claimed in daim 1 in whidi a com- 
pound of the general formula 



f3 . 
Z-C -C -Hal 
z-c-c^-Hal 

R4 f<5^f, 



3U 



35 



45 



50 



55 



60 



wherein Ri, Ro, R,, R^, R^, Rg and Z have 
the meanings given in daim 1 and Hal is a 
ddodne, bromine or iodine atom, is reacted 
with ammonia or benzylamine, the N - benzyl 65 
group, where present, being subsequently 
remoTOd. 

26. A process for the preparation of com- 
pounds as claimed in claim 1 in whidi a com- 
pound of die general formula 70 



R? Ri 

I V 
Z_c-C-X 



?3 /l 
Z-C-C —OH 

fi4 "5 ^6 



25 where Ri, Ro, R3, R, and Z have the meanings 
given in daim 1 and X is an amino or nitro 
group is reduced and allowed to cyclise. 
16. A process as daimed in any of claims 



in which Ri, R2, R3, R^, R^, R^ and Z have 
the meanings given in daim 1, or a diester 
thereof is reacted vdth ammonia or benzyl- 
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amine, the N - benzyl group, where present, 
being subsequently removed. 

27. A process as claimed in claim 25 or 
claim 26 in which the reaction is effected in 
solution in an alcohol, an ether, or a hydro- 
carbon solvent. 

28. A process for the preparation of com- 
pounds as claimed in claim 1 in which Ri and 
Rs are hydrogen in which a compound of 
the general formula 



// 

2-C-C 



NH 



i i\ 

R4 "5 H 

in which R„ R^, R,, R.. and Z have the 
meanings given in claim 1 is reduced. 

29. A process for the preparation of com- 
pounds as claimed in claim 1 in which 
R:, R- and R„ are hydrogen in which a com- 
pound of the general formula 



?3 0 

z-c -cf 



z-c-c, 

R4 



NH 



IX 



where Z, Ra and R4 have the meanings stated 
in daim 1 is reduced. 

30. A process^ as claimed in claim 28 or 
ckim 29 in wfaidh the reduction is elfected 
with a metal hydride reducing agent. 

31. A process as claimed in claim 28 or 
claim 29 in which the reduction is elfected 
electrolytically. 

32. A process as claimed in claim 28 or 
claim 29 in which the reduction is effected 
with hydrogen in the presence of an Adkin's 
catalyst. 

33. A process as claimed in claim 32 in 
which the reduction is effected at 200—250 
atmospheres excess pressure and at a tempera- 
ture above 150°C 

34. A process for the production of com- 
pounds as daimed in claim 1 in which Rj is 
hydrogen in which a pyrroline of the general 
formula 



r r 

I > I 

2-C-C^ 

R4 i\ 

in which Ro, R^, R,, R.^ and Z have the 
meanings given in claim 1, is reduced catalyti- 
cally. 

35. A process for the preparation of com- 
pounds as claimed in claim 1 in which one 
or more of the phenyl groups carries a halo- 
gen atom, in which a compound as daimed 
in clahn 1 is halogenated to introduce a 
halogen atom into a phenyl nucleus thereof. 

36. A process for the preparation of com- 
pounds as claimed in claim 1 containing a 
phenyl group substituted witli one or more 
hydroxy groups in which a compound as 
daimed in claim 1 containing a phenyl group 
substituted with one or more alkoxy groups 
is reacted with an ether-splitting agent to 
convert said alkoxy group(s) to hydroxy 
group(s). 

37. A process as claimed in daim 36 in 
\i^ch said ether-splitting agent is hydrogen 
bromide. 

38. A process as daimed in any one of 
daims 12 to 37 in which the stereoisomers of 
the compound as daimed in daim 1 are 
separated. 

39. A process as claimed in claim 38 in 
which the separation of ±e stereoisomers is 
effected by fractional crystallisation of the 
salicylates of the bases daimed in daim 1. 

40. A process as claimed in any of claims 
12 to 39 substantially as herein described. 

41. A process as daimed in any of daims 
12 to 39 substantially as herein described with 
reference to any of Examples 1 to 15. 

42. Phamiaceutical compositions containing 
a compound as daimed in daim 1 in conr- 
junction with a pharmaceutical carrier or 
excipient, 

43. Compositions as claimed in daim 42 in 
the form of tablets, dragees, capsules, drops, 
syrups, linctuses, elixirs or suppositories. 

44. Compositions as daimed in claim 42 
in dosage unit forms. 

45. Compositions as claimed in claim 44 
in which each dosage unit contains 1 — 15 
mg. of a compound as claimed in claim 1. 

46. Compositions as daimed in claim 45 
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in which each dosage unit contains 5 to 10 
mg. of a compound as claimed in claim 1. 

47. Compositions as claimed in any of 
claims 42 to 46 in which the carrier com- 
5 prises starchj lactose, highly dispersed silica, 
polyvinylpyrrolidone, glycerol, a buffer, mag- 
nesium stearate, stearic acid, water, alcohol 
or flavouring, sweetening, dispersing or sus- 
pending agents. 



48. Compositions as claimed in claim 42 
substantially as herein described with refer- 
ence to any of Examples 16 to 21. 

For the Applicants, 
FRANK B. DEHN & CO., 
Chartered Patent Agents, 
Imperial House, 15 — 19, Elingswav, 
London, W.C.2. 
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